A prospective study of EB virus infections was initiated in July, 1969 in the entering class of 1401 cadets, at the U.S. Military Academy at West Point, N.Y. and continued over 4 yr. On entry 63.5% possessed EBV antibody and 36.5 lacked EBV antibody. The rate of antibody prevalence varied with the geographic area from which the cadet originated.
INTRODUCTION
Infectious mononucleosis in the Armed Forces has been a generally underrated and little studied disease. Important clinical analyses have been made in military populations (1) but there has been little appreciation of its high incidence, the degree and duration of disability and of lost time associated with it, or the epidemiologic features of the disease in this setting. Recently, a review of the incidence of infectious mononucleosis in the Armed Forces reported hospital admission rates from 140 to 228 per 100,000 (2) . This places it among the first five infectious diseases of importance in the military and the fourth highest cause of days of hospitalization among Navy and Marine personnel. In these populations the lost time resulting from infectious mononucleosis was similar to that from viral hepatitis.
The present investigation uses antibody to EB virus as a marker of susceptibility, immunity, and infection in a prospective study of the disease among United States Military Academy cadets. These methods have been successfully employed in investigations of infectious mononucleosis among college students of the same age (3) (4) (5) (6) (7) (8) . A recent investigation by Lehane (9) has also utilized EBV antibody measurement to indicate infection rates of 166 per 1000 per year in Marine recruits at Parris Island.
The population described here consisted of the entering freshman class in 1969 at the United States Military Academy. This report records serial clinical and serologic observations made during their 4 yr at the Academy including the prevalence and incidence of EBV infection, the occurrence of infectious mononucleosis, and the contagiousness of the disease in roommates.
MATERIALS AND METHODS Study Design
The entire entering class in 1969 was chosen for study. Blood samples and questionnaires were obtained from 1401 cadets in July 1969 on arrival at the Academy and on subsequent occasions as shown in Table 1 . All cadets were observed for 
Clinical Surveillance
Two of the authors saw all cases suspected of infectious mononucleosis and/or reviewed the records. In addition, at the end of the 4 yr study the records of all cadets in the study were reviewed to identify outpatient visits or hospitalizations for illnesses suggestive of infectious mononucleosis. These were all tabulated without knowledge of EBV antibody status and later correlated with initial antibody status and with EBV antibody seroconversion in the 2 sera which bracketed the suspected illness in time.
RESULTS

Background Data
The United States Military Academy was selected because of certain features of its training program, the numerous studies of infectious mononucleosis at this institution in the past, the disciplined military environment, the close daily contacts of roommates, and the regulated diet and exercise. Above all was a willingness and interest of the medical and administrative staff to cooperate in the study and the participation of the cadets. In the first year at the Academy cadet leaves are generally limited to Christmas and spring vacations and to supervised weekend events. Increasing leave privileges were granted in the second and subsequent years.
The study of infectious mononucleosis at West Point has been a traditional area of inquiry through the work of Col. Robert S. Hoagland, M. C. (Ret.). In addition to extensive clinical studies, it was here that he suggested kissing as an important means of spread (12) and estimated the incubation period to be between 30 and 49 days (13) .
There were an average of 58. The results are given in Table 2 . The lowest prevalence rates were 51.9% in cadets from the sparsely populated West North Central States of the Plains and 52.9% in the New England area. The highest prevalence rates for EBV antibody were 81.5% in the cadets from the East South Central States and 76.9% in cadets from the West South Central States. Similar results were obtained when the analysis was limited to cadets resident for 12 years in these respective areas. The rates in these different areas might reflect a variety of factors: racial, socioeconomic, population density, hygienic standards, etc. Many of these are obviously interrelated and interdependent. It has already been noted that antibody prevalence rates in the small number of blacks in the class was significantly higher than in whites, probably reflecting differing socioeconomic backgrounds. Crowding in the home as measured by size of the family was not related to antibody prevalence. One indicator that might reflect socioeconomic levels was the income of the cadets' parents. Analyses indicated a high EBV antibody prevalence rate of 77.1% in cadets from families with incomes under $6,000 and a low prevalence rate of 58.6% cadets from families with incomes over $30,000. These differences were significant statistically (P = < 0.05). However, no clear step-wise correlation (Table 3 ). The average hospital stay of 13 cases cared for in the station hospital was 22 days with a range of 9-47 days. As cadets must return to full academic and military activity on discharge, hospitalization is longer than in college students.
The 16th case diagnosed as I.M. showed fever, adenopathy, splenomegaly, and atypical lymphocytosis but was persistently heterophile and EBV antibody negative; subsequent serologic testing3 revealed a rise in adenovirus CF titer from <1:8 in the preillness serum to 1:16 during convalescence. No serologic evidence of cytomegalovirus, herpes simplex or toxoplasma infection was found. This case is regarded as an infectious mononucleosis-like syndrome probably due to adenovirus infection.
Six other cadets in whom a clinical diagnosis of "possible infectious mononucleosis" was made were all heterophile antibody negative, failed to meet the hematological criteria of infectious mononucleosis, and showed no change in EBV antibody status.
EBV infection without full-blown illness was detected by seroconversion in 39 cadets and the antibody titers found were similar to those clinically ill. Careful retrospective tests for heterophile antibody on sera from this group revealed 12 cadets with a fourfold or greater rise in sheep cell and/or beef cell hemolysin tests over preillness values. This was accompanied by changes in total IgM levels in Figure 1 summarizes the findings of the first year.
Results of the second, third, and fourth years of the cohort group were similar to the first year and are therefore more briefly discussed.
Second year. This included seven cadets with definite infectious mononucleosis, one with suspected I.M., and 20 with no known illness. EBV infection thus was clinically definite in 25.0% and the apparent:inapparent ratio was 8:20 or 1:2.5.
Fourth year. The last serum collection possible was in October 1972 of the senior year. On the basis of cadets lacking antibody in the preceding serum sample (April, 1972) a seroconversion rate of 30.8 per 100 was found between the two bleedings 6 mo apart. Clinical surveillance carried out in the entire group throughout the senior year revealed ten cadets with clinical infectious mononucleosis. All of these had lacked EBV antibody in the preceding bleeding.
A summary of the 4 yr experience is shown in Special attention was directed at close clinical and serologic follow-up of roommates of clinical cases for at least 2 mo, using the absence of EBV antibody as a marker of susceptibility in the exposed roommate and EBV seroconversion as evidence of EBV infection. Each cadet usually had two to three roommates during a year with whom he was closely associated in the dormitory, in the classroom, on the drill field, in the mess hall, and in off-duty activities. Such close and prolonged exposure would be conducive to the spread of most diseases transmitted by close contact. This type of surveillance was carried out during the first 2 yr of the study.
Evidence of clearcut clinical infectious mononucleosis occurred in only two roommates of index cases. In one instance the 70 day interval between onset of illness in two cadets makes it unlikely that this represented a direct spread secondary case because the usual incubation period is taken to be 30-50 days (13). The rate of EBV infection in susceptible and exposed roommates of index clinical cases of infectious mononucleosis was compared to the rate in susceptible but unexposed persons with healthy roommates. During the first year two of 13 exposed and susceptible exposed roommates had serologic evidence of infection (15.4%) without clinical illness as compared to an infection rate of 52/424 or 12.2% in nonexposed roommates. In the second year the infection rates were 18.2% in 11 exposed and 24.6% in 345 nonexposed and susceptible cadets. There was therefore no evidence of a higher risk of infection in exposed roommates of index cases. This was further substantiated by analyzing data for the 2 yr on the basis of observed and expected EBV infection rates. These results are shown in Table 5 in which the number of susceptibles has been adjusted to represent the changing pattern over 2 yr. There was no significant difference in infection rates in the exposed and nonexposed roommates. Indeed, the observed number of infections in the exposed group was half as many as would have been expected; but the difference was not statistically significant.
An effort was made to determine the contagiousness of an EBV infection without knowii infectious mononucleosis to susceptible roommates. Of 203 roommates of 39 "subclinical" cases tested in the first year, 88 lacked EBV antibody. Of these, eight or 9.1 % seroconverted to positive, and two of these had clinical infectious monoinucleosis. However, in the absence of clinical features to mark the time of occurrence of the index case, it is not possible to determine which roommate was infected first or whether both were infected at the same time. The difficulty was further compounded by one to three changes of roommates within a year. All that can be said is that when subclinical cases in roommates were studied the infection rate did not seem higher than in the total group of susceptibles.
Immiunoglobulins
Norm-1al values. As a reference baseline, immunoglobulin levels were determined on fresh sera from 100 cadets on their initial bleeding. These results are listed in Table 6 .
During cliniical I.M. The mean immunoglobulin levels observed in 15 cadets
before, during and after clinical infectious mononucleosis are shown in relation to normal levels in Table 6 and Fig. 2 . The mean IgM level increased from 96.3 mg% in preillness specimens to 182.8 mg% during acute illness, decreased to 148.0 mg% in the second month after onset and then returned to normal. Increases in IgG and IgA values also occurred but developed somewhat later and persisted for longer periods. Correlations between the degree of IgM increases and individual peak titers of heterophile or of EBV antibody titers were not found even though all increased at about the same time. During subclinical infections. Immunoglobulin values in the initial sera and in those obtained at the end of the year were also measured in 35 cadets with subclinical EBV seroconversion to determine whether elevated IgM levels reflected asymptomatic or mild infection. No such changes were demonstrated ( Table 6 ). The mean IgM value in preillness sera was 93.7 mg% and in postillness sera was 95.6 mg%. As (3) (4) (5) (6) on the relationship of EB virus and infectious mononucleosis. Similar findings have also been reported in 2 other prospective studies:-one in England (7) and one in the U.S. (8) . In the English study 1457 freshmen in five universities and colleges were bled on entry and at the end of the first year with careful clinical and laboratory surveillance during the intervening 7 mo. In the American investigation, published as yet only in abstract form, 800 Cornell University students were bled on entry and followed over a 2 yr period (8) (6) . However, the frequency with which these infections have been expressed as clinical illness has varied in the different groups. In the military cadets, 26.4% of 201 EBV infections were accompanied by definite evidence of heterophile-positive infectious mononucleosis. In English college students 45% of those infected with EB virus had suspected or definite infectious mononucleosis, and in EBV-infected Yale college students 74% had clinical episodes compatible with the disease (14) . These differences may reflect various patterns of motivation in students to seek medical care, differences in the intensity of clinical surveillance, or certain host factors. The excellent physical condition of U.S. military cadets may contribute to their low illness rates;
another factor may be their concern of the effect of a relatively long period of hospitalization on their academic, military, and athletic performance.
In the present investigation 1 case of typical heterophile-negative mononucleosis occurred. While both EBV (4) and cytomegalovirus (15) (16) (17) have clearly caused this syndrome, neither could be implicated in this patient. EBV antibody remained persistently negative and no rise in CMV antibody occurred. However, a rise in adenovirus complement-fixing antibody developed from <1:8-1:16.4 Wahren et al. (17) reported adenovirus rises in 11 % of paired sera from heterophile-negative cases suspected of infectious mononucleosis but did not attach much significance to this. Among English students 49 heterophile-negative mono-like illnesses occurred (7) . Only six of these could be associated with antibody rises to known viruses: four to rubella virus and one each to CMV and herpes simplex virus (7).
This problem of heterophile-negative cases deserves more careful study ( 18) . 4 We are indebted to the Center for Disease Control for carrying out tests for herpes simplex, CMV, toxoplasmosis, and adenovirus in this patient.
The low infectiousness of infectious mononucleosis even among exposed and susceptible roommates has been further confirmed in this investigation and is in accord with similar observations in other college settings (6, 7) . Of 24 exposed and susceptible roommates of clinical cases only one developed definite clinical infectious mononucleosis with an onset compatible with the incubation period of the disease. The seroconversion rate in those exposed to clinical cases was even lower than that of roommates not so exposed. This lack of spread in cadets is especially impressive because of the prolong_d and close contact between roommates and the known presence of EB virus in the oropharynx over extended periods (19) . Transmission from the opposite sex during kissing as first proposed by Hoagland in 1955 (9) ing the interval. This being so, it was not surprising that immunoglobulin values in cadets with EBV antibody seroconversion during the year but without known illness also failed to show significant differences in the paired sera one year apart. Preliminary results with EBV-specific IgM have also shown increases during acute illness with absence of this antibody in sera taken before or 1 yr after clinical infectious mononucleosis. Persistence of EBV-specific IgM was found up to 6 mo in a few instances.
No difference in susceptibility to EBV infection was found in persons of different blood groups. This is in agreement with prospective studies in Yale University freshmen students (6) . We have previously reported that the prevalence of EBV antibody in the current group of cadets bore no relation to ABO blood type (23) .
The major observations of this prospective study of 1401 cadets over their college experience are: (1 ) about half of the cadets who lack EBV antibody on arrival are infected with EB virus over a 4 yr period; (2) only 26.4% of 201 EBV-infected cadets had a clinically recognized episode of infectious mononucleosis (3) EBV infections were not more common in exposed and susceptible roommates of clinical cases than in the susceptible cadet population not so exposed; (4) except for two cadets already ill at the time of bleeding, infectious mononucleosis did not develop in 890 cadets possessing EBV antibody on entry.
